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DESCRIPTION 



COMPOSrTlON FOR FORMING NITRIDE COATING FILM FOR HARD MASK 
Technical Field 

[0001 J The present invention relates to a method for forming photoresist pattern 
used in manufacture of semiconductor devices comprising forming an underiayer 
coating containing metal nitride particles between a semiconductor substrate and a 
photoresist In addition, the present invention relates to an underiayer coating 
forming composition for forming an underiayer coating containing metal nitride 
particles used in formation of photoreSfettpattem used in manufacture of 
semiconductor devices. Further, the present invention relates to a method for 
forming an underiayer coating containing metal nitride particles by use of the 
underiayer coating forming composition, and an underiayer coating containing metal 
nitride particles formed from the underiayer coating composition. 
Background Art 

[0002] Conventionally, in the manufacture of semiconductor devices, micro- 
processing by lithography using a photoresist has been earned out. The micro- 
processing is a processing method comprising forming a photoresist coating on a 
semiconductor substrate such as a silicon wafer or the like, irradiating actinic rays 
such as ultraviolet rays through a mask pattern on which a pattern for a 
semiconductor device is depicted, developing it to obtain a photoresist pattern, and 
etching the substrate using the photoresist pattern as a protective film, thereby 
forming fine unevenness corresponding to the pattern on the surface of the substrate. 
[0003] In the processing method, an organic underiayer coating being an underiayer 
coating comprising an organic material, such as an anti-reflective coating or a 
flattening coating is often foim^..^ln.^|^ i f»5e l firstly the organic underiayer coating 
is removed by etching by using a photoresist pattern as a protective coating. The 
etching of the organic underiayer coating is generally carried out by dry etching. 
However, in this process not only the organic underiayer coating but also the 
photoresist are etched to cause a problem that the film thickness of the photoresist is 
reduced. Therefore, there is a tendency that organic underiayer coatings with a high 
removal rate by dry etching are used. However, as photoresists are composed of 
organic materials similarly to the organic underiayer coatings, it is difficult to suppress 
a decrease in film thickness of photoresists. 
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[0004] In recent years, the use of photoresists in a form of thin film has been 
considered with the progress of miniaturization in size to be processed. This is 
because ft is supposed to occur fall of photoresist pattern or the like as aspect ratio 
(height/width) of photoresist pattern becomes large in case where the size of 
photoresist pattern is reduced without change of film thickness. In addition, 
photoresists are improved in resolution as the film thickness thereof becomes smaller. 
Consequently, it is required to use photoresists in a form of thin film. However, in 
case where a photoresist and an organic underiayer coating are used, there is 
problem that the film thickness of photoresist is reduced on removal of the organic 
underiayer coating as mentioned above. Thus, when photoresists in a form of thin 
film are used, there occurs a problem that it is not able to secure a film thickness 
sufficient as a protective coatfcsg (composed of a photoresist and an organic 
underiayer coating) for the processing of semiconductor substrate. 
[0005] On the other hand, a coating composed of inorganic materials that is known 
as a hard mask has been used as an underiayer coating between a semiconductor 
substrate and a photoresist In this case, as the photoresist (organic material) is 
greatly different from the hard mask (inorganic material) in their constitutional 
components, the removal rate thereof drastically depends on the kind of gas used for 
dry etching. The suitable selection of the kind of the gas makes possible to remove 
the hard mask (underiayer coating) by dry etching without a laige decrease of film 
thickness of the photoresist Therefore, in case where a photoresist and a hard 
mask are used, it is expected that it is able to secure a film thickness sufficient as a 
protective coating (composed of a photoresist and a hard mask) for the processing of 
semiconductor substrate even the photoresist is in a form of thin film. 
[0006] Conventionally, hard masks are formed by a vapor deposition method by use 
of a CVD apparatus, a vacuum vapor deposition apparatus, and a sputtering 
apparatus, etc. On the contrary, photoresists and organic underiayer coatings are 
formed by application with a ^in^atjng apparatus or the like on a semiconductor 
substrate and then baking (h^feaifter. nlferred to as "spin-coating method"). The 
spin-coating method is simple from viewpoint of apparatus used or the like compared 
with the vapor deposition method. Therefore, there are demands for hard masks that 
can be formed by a spin-coating method not a vapor deposition method. In the 
meantime, some underiayer coatings containing inorganic materials are known (see, 
for example Patent Documents 1, 2 and 3). 
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Patent Document 1: JP-A-2001 -53068 (2001) 
Patent Document 2: JP-A-2001 -242630 (2001) 
Patent Document 3: JP-A-2003-1 77206 (2003) 

Disclosure of Invention 

Problem to be solved by the Invention 

[0007] The present invention was made taking the present status as mentioned 
above into account An object of the present invention is to provide an underlayer 
coating forming composition for forming a hard mask by a spin-coating method. In 
addition, another object of the present invention is to provide an underlayer coating 
that can be formed by a spin-coating method, and causes no intermixing with a 
photoresist applied and formed as an upper layer. Further, an object of the present 
invention is to provide an underlayer coating that can be formed by a spin-coating 
method and can be used for an underlayer anti-reflective coating for reducing 
reflection of exposure irradiation light from a semiconductor substrate to a photoresist 
layer formed on the substrate^ flafietljng coating for flattening a semiconductor 
substrate having unevenness, and a coating for preventing contamination of a 
photoresist layer due to substances generated from a semiconductor substrate on 
baking under heating, and the like. And, another object of the present invention is to 
provide a method for forming underlayer coating for lithography by use of the 
underlayer coating forming composition, and a method for forming a photoresist 
pattern. 

Means for solving the Problem 

[0008] The present invention relates to the following aspects: 

- as a first aspect, an underlayer coating forming composition used in manufacture of 
semiconductor devices, comprising metal nitride particles having an average particle 
diameter of 1 to 1000 nm, and an organic solvent; 

- as a second aspect, an underlayer coating forming composition used in manufacture 
of semiconductor devices, comprising metal nitride particles having an average 
particle diameter of 1 to 1 000 nm, an organic material, and an organic solvent; 

- as a third aspect, the underlayer coating forming composition as described in the \ 
first or second aspect, whereiir the^etal nitride particles contain at least one element 
selected from the group consisting of titanium, silicon, tantalum, tungsten, cerium, 
germanium, hafnium, and gallium; 
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- as a fourth aspect, the underi^er it^jjg forming composition as described in the 
first or second aspect, wherein the metal nitride particles are particles of at least one 
metal nitride selected from the group consisting of titanium nitride, titanium oxynitride, 
silicon nitride, silicon oxynitride, tantalum nitride, tantalum oxynitride, tungsten nitride, 
tungsten oxynitride, cerium nitride, cerium oxynitride, germanium nitride, germanium 
oxynitride, hafnium nitride, hafnium oxynitride, cesium nitride, cesium oxynitride, 
gallium nitride and gallium oxynitride; 

- as a fifth aspect, the underiayer coating forming composition as described in the 
second aspect, wherein the organic material is at least one component selected from 
the group consisting of polymers, crossiinking compounds and light absorbing 
compounds; 

- as a sixth aspect, a method for forming underiayer coating for use in manufacture of 
semiconductor device, comprising coating the underiayer coating forming composition 
as described in any one of the first to fifth aspects on a semiconductor substrate, and 
baking it; 

- as a seventh aspect, the method for forming underiayer coating as described in the 
sixth aspect, wherein the. ba^j^ is .jgg^^ out under a condition of a baking 
temperature of 80 to 300°C and a baking time of 0.5 to 10 minutes; 

- as an eighth aspect, an underiayer coating for use in manufacture of semiconductor 
device, formed by coating the underiayer coating forming composition as described in 
any one of the first to fifth aspects on a semiconductor substrate, and baking it under 
a condition of a baking temperature of 80 to 300*C and a baking time of 0.5 to 10 
minutes; 

- as a ninth aspect, a method for forming photoresist pattern for use in manufacture of 
semiconductor device, comprising coating the underiayer coating forming composition 
as described in any one of the first to fifth aspects on a semiconductor substrate, and 
baking it to form an underiayer coating, forming a photoresist layer on the underiayer 
coating, exposing the semiconductor substrate covered with the underiayer coating 
and the photoresist layer to light, and developing the photoresist layer after the 
exposure to light; and 

- as a tenth aspect, the method for forming photoresist pattern as described in the 
ninth aspect, in which the exposure to light is carried out with a light of a wavelength of 
248 nm, ig3 nm or 157 nm. 

Effect of the Invention ' ^ ' V 

[0009] The present invention relates to an underiayer coating forming composition 
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for forming an underlayer coating that contains metal nitride particles. The present 
invention can provide an underlayer coating that causes no intermixing with 
photoresists and has a low dry etching rate. 

[0010] The underlayer coating containing metal nitride particles obtained according 
to the present invention makes the processing of semiconductor substrate in dry 
etching process easy. In add-on, the -use of underlayer coating containing metal 
nitride particles obtained according to the present invention can suppress a decrease 
in film thickness of photoresists when the underlayer coating is removed by dry 
etching. 

Best Mode for Carrying out the Invention 

[0011] The underlayer coating forming composition of the present invention 
comprises metal nftride particles and an organic solvent In addition, the underlayer 
coating forming composition of the present invention can contain other inorganic 
particles such as carbon particles, sificon oxide particles, and titanium oxide and the 
like. 

[0012] The proportion of the solid content in the underlayer coating forming 
composition of the present invention is for example 0.1 to 70 mass%, or 0.5 to 50 
mass%, or 1 to 40 mass%, or 10 to 30 mass%.. In this specification! the solid 
content means all components in the underlayer coating forming composition from 
which the organic solvent component is excluded. 

[0013] In case where the metal nitride particles and the organic material are used in 
the underlayer coating fomiin^|^rn^$it]on of the present invention, the content of the 
metal nitride particles is for example 40 to 99.9 mass%, for example 50 to 99,5 
mass%, or 60 to 99 mass%, or 70 to 90 rnass% in the solid content and that of the 
organic material is for example 0.1 to 60 mass%, for example 0.5 to 50 mass%, or 1 to 
40 mass%, or 10 to 30 mass% in the solid content. 

[0014] In case where the underlayer coating forming composition of the present 
invention contains other inorganic particles such as carbon particles, silicon oxide 
particles, and titanium oxide and the like, the content thereof is 30 mass% or less, or 
20 mass% or less in the solid content 

[0015] The metal nitride particles contained in the underlayer coating forming 
composition of the present include for example titanium nitride, titanium oxynitride, 
silicon nitride, silicon oxynitride, tantalum nitride, tantalum oxynitride, tungsten nitride, 
tungsten oxynitride, cerium nitride, cerium oxynitride, germanium nitride, germanium 
oxynitride, hafnium nitride, hafnium oxynitride, cesium nitride, cesium oxynitride, 
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gallium nitride and gallium oxynitride, etc. The particles of titanium nitride, titanium 
oxynitride, silicon nitride and silicon oxynitride are preferable. 
[0016] The particle diameter of the metal nitride particles used is not specifically 
limited so far as the composition containing the particles can form an underlayer 
coating on a semiconductor substrate, but the average particle diameter is 1000 nm or 
less, preferably 1 nm to 1000 nm, particularly preferably 1 nm to 100 nm. In this 
case, when the average particle diameter is more than 1000 nm, it takes a long time 
to remove the underlayer coaibng by etching. In addition, flatness of the underlayer 
coating is vitiated. Further, dispersion property of the particles in the solvent is 
lowered to cause particle precipitation, thereby shelf stability of the underlayer coating 
forming composition becomes insufficient The average particle diameter is 
calculated as follows: metal nitride particles are applied on a semiconductor substrate 
and dried, and then the size (diameter) of 20 particles is measured with a scanning 
electron microscope (SEM), and the average particle diameter is determined as an 
average value thereof. In the meantime, when the particles are elliptical forms or the 
like, the average value of the major axis and the minor axis is regarded as the size of 
the particle. 

[0017] In the underlayer coating forming composition of the present invention, there 
are cases where only one kind of these metal nitride particles is used or two kinds or 
more thereof are used together. 

[0018] In the underlayer coating forming composition of the present invention, the 
organic material is not specifically limited. The organic material that has been 
conventionally used for coatings provided as underiayers of photoresist can be used. 
That is, organic materials for i^-cefl^ive coatings, or organic materials for flattening 
and organic materials for barrier layers, and the like can be used. 
[001 9] The organic materials include for example polymers, crossfinking compounds, 
light absorbing compounds, surfactants, polymer dispersants, crosslink-catalysts, 
adhesion auxiliaries, and rheology controlling agents, etc. that can be used in a 
suitable combination. In addition, the content thereof can be suitably selected. 
[0020] The kind of the polymers used as organic materials is not specifically limited. 
The polymers that can be used include polyesters, polystyrenes, polyimides, acrylic 
polymers, methacrylic polymers, polyvinyl ethers, phenol novolak, naphthol novolak, 
polyethers, polyamides, polycarbonates and the like. It is preferable to use polymers 
containing aromatic ring structure such as benzene ring, naphthalene ring, 
anthracene ring, triazine ring, quinoline ring, and quinoxaline ring, or the like that acts 
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as a light absorbing moiety. 

[0021] Such polymers include for example addition polymerization polymers 
containing as structural units addition polymerizable monomers such as benzyl 
acrylate, benzyl methacrylate, phenyl acrylate, naphthyl acrylate, anthryl methacrylate, 
anthrylmethyl methacrylate, styrene, hydroxystyrene, benzyl vinyl ether, N-phenyJ 
maleimide and the like, and polycondensation polymers such as phenol novolak, 
naphthol novolak and the like. In addition, polymers produced from a triazine 
compound (trade name: Cymel 303, Cymel 1123) disclosed in US Patent No. 
6323310 can be mentioned. 

[0022] Further, polymers containing at least one of the following structural units (a) 
to (e) can be mentioned. The polymers can be produced by reference to for example 
US Patent Nos. 5919598, 59^599 % ahcJ 6156479. 
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[0027| In addition, polymers containing no aromatic ring structure can be used. 
Such polymers include for example addition polymerization polymers containing as 
structural units only addition polymerizable monomers containing no aromatic ring 
structure such as alkylacrylate, alkylmethacrylate, vinyl ether, alkyi vinyl ether, 
acrylonitrite, maleimide, N-alkylmaleimide, maleic anhydride and the like. 
[0024] When the addition polymerization polymers are used as polymers, the 
polymers may be rnonopolymers or copolymers. For the production of the addition 
polymerization polymers, addition polymerizable monomers are used. The addition 
polymerizable monomers include acrylic add, methaciylic acid, an acryiate compound, 
a methacrylate compound, an acrylamide compound, methacrylamide compound, a 
vinyl compound, a styrene compound, a maleimide compound, maleic anhydride, 
acrylonitrile and the like. 

[0025] The acryiate compound includes methyl acryiate, ethyl acryiate, n-hexyl 
acryiate, isopropyl acryiate, cyclohexyl acryiate, benzyl acryiate, phenyl acryiate, 
anthrylmethyl acryiate, 24iydfiS>cyetfiyi Acryiate, 3-chloro-24iydroxypropyi acryiate, 2- 
hydroxypropyl acryiate, 2,2,2-trifluoroethyl acryiate, 2,2,2-trichlonoethyl acryiate, 2- 
bromoethyl acryiate, 4~hydroxybutyl acryiate, 2-methoxyethyl acryiate, 
tetrahyd rofurfuryl acryiate, 2-methyl-2-adamantyI acryiate, 5-acryIoyloxy-6- 
hydroxynorbomene-2-carboxylic~6-4actone, 3-acryloxypropyltriethoxy silane, glycidyl 
acryiate and the like. 

[0026] The methacrylate compound includes methyl methacrylate, ethyl 
methacrylate, n-hexy! methacrylate, isopropyl methacrylate, cyclohexyl methacrylate, 
benzyl methacrylate, phenyl methacrylate, anthrylmethyl methacrylate, 2- 
hydroxyethyl methacrylate, 2-hydroxypropyi methacrylate, 2,2,2-trifluoroethyl 
methacrylate, 2,2,2-trichloroethyl methacrylate, 2-bromoethyl methacrylate, 4- 
hydroxybutyl methacrylate, 2-methoxyethyl methacrylate, tetrahydrofurfiiryl 
methacrylate, 2-methy(-2-adamantyl methacrylate, 5-m ethacryl oytoxy-6- 
hydroxynorbomene-2-carboxylic-6-Iactone, 3-methacryioxypropyltriethoxy silane, 
glycidyl methacrylate, 2-phenylethyl methacrylate, hydroxyphenyl methacrylate, 
bromophenyl methacrylate and the like. 

[0027] The acrylamide conpj^iouncj Includes acrylamide, N-methyl acrylamide, N- 
ethyl acrylamide, N-benzyl acrylamide, N-phenyl acrylamide, N.N-dimethyl acrylamide, 
N-anthryl acrylamide and the like. 

[0028] The methacryfamide compound includes methacrylamide, N-methyi 
methacrylamide, N-ethyl methacrylamide, N-benzyl methacrylamide, N-phenyl 
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methacrylamide, N.N-dimethyl methacrylamide, N-anthryl methacrylamide and the 
like. 

[0029] The vinyl compound includes vinyl alcohol, 2-hydroxyethyl vinyl ether, methyl 
vinyl ether, ethyl vinyl ether, benzyl vinyl ether, vinyl acetate, vinyl trimethoxy silane, 
2-chloroethyl vinyl ether, 2-methoxyethyl vinyl ether, vinyl naphthalene, vinyl 
anthracene and the like. 

[0030] The styrene compound includes styrene, hydroxy styrene, chloro styrene, 
brorno styrene, methoxy styrene, cyano styrene, acetyl styrene and the like. 
[0031] The maleimide compound includes maleimide, N-methyl maleimide, N- 
phenyl maleimide, N-cydohexyl maleimide, N-benzyl maleimide, N-hydroxyethyl 
maleimide and the like, 

[0032] The polycondensation polymers used as the organic material in the present 
invention include for example a condensation polymerized polymer of a glycol 
compound with a dicarboxylfc add compound. The glycol compound includes 
diethylene glycol, hexamethylene glycol, butylene glycol and the like. The 
dicarboxylic add compound includes sucdnic acid, adipic acid, Jerephthalic add, 
maleic anhydride and the ltlc^^ii--&£t0£>ri v for example polyester, polyamide or 
polyimide such as polypyromellitic imide, poly(p~phenyleneterephathalic amide), 
polybutylene terephthalate, polyethylene terephthalate and the like may be 
mentioned. 

[0033] The molecular weight of the polymer used as the organic material in the 
underlayer coating forming composition according to the present invention is for 
example 1000 to 1000000 in the terms of weight average molecular weight, or 3000 to 
300000, or for example 5000 to 200000, or 10000 to 100000. 

[0034] As the crosslinking compound used as the organic material in the underlayer 
coating forming composition according to the present invention, the kind thereof is not 
specifically limited. The crosslinking compound indudes a melamine compound, a 
substituted urea compound, a polymer type crosslinking compound having epoxy 
groups, and the like. Preferably, the crosslinking compounds indude nitrogen- 
containing compounds having two or more nitrogen atoms substituted with 
hydroxymethyl group or alkoxymethyl group. They are nitrogen-containing 
compounds having two or more nitrogen atoms substituted with hydroxymethyl group, 
methoxymethyl group, ethox^^ft^jgu^^p, butoxymethyl group, and hexyloxymethyl 
group, or the like. The concrete compounds indude nitrogen-containing compounds 
such as hexamethoxymethyl melamine, tetramethoxymethyl benzoguanamine. 



9 



1 ,3 t 4,6-tetrakis(bu^^ .S^^etrakisthydroxymethyOgfycoluril, 1 ,3- 

bte(hydroxymethyl)urea, 1 J,i3T3^trakis(butoxymethyl)urea t 1,1,3,3- 
tetrakis(methoxymethyf)urea, 1 .S^rsChydroxymethyO^.S-dihydroxy^-imidazoifnone, 
and I.S^fs^ethoxymethyl^.S^imethoxy^-lmidatolinone, etc. 
The crosslinking compounds that can be used also include commercially available 
compounds such as methoxymethyl type melamine compounds manufactured by 
Mitsui Cytec Co., Ltd. (trade name: Cymel 300, Cyme! 301, Cymel 303, Cyme! 350), 
butoxymethyl type melamine compounds (trade name: Mycoat 506, Myooat 508), 
glycoluril compounds (trade name: Cymel 1170, Powderiink 1174), methylated urea 
resins (trade name: UFR 65), butylated urea resins (trade name: UFR300, U-VAN 
10S6Q, U-VAN 10R, U-VAN 11HV), urea/formaldehyde resins manufactured by 
Dainippon Ink and Chemistry Incorporated (highly condensed type, trade name: 
Beckamine J-300S. Beckamine P-955, Beckamine N) and the like. 
[0035] In addition, the crosslinking compounds that can be used include polymers 
produced by use of acrylamide compounds or methacrylamide compounds 
substituted with hydroxymethyl group or alkoxymethyl group, such as N- 
hydroxymethylacrylamide, N-mettioxymethylmethacrylamide, N- 
ethoxymethylacrylamide, and^btripS^ etc. Such polymers 

include for example po!y(N-butoxymethylacrylamide) f a copolymer of N- 
butoxymethylacrylamide with styrene, a copolymer of N- 
hydroxymethylmathacrylamide with methylmethacrylate, a copolymer of N- 
ethoxymethymethacrylamide with benzylmethacrylate, and a copolymer of N- 
butoxymethylacrylamide, benzylmethacrylate and 24iydroxypropylmethacrylate, and 
the like. 

[0036] As the light absorbing compound used as the organic material in the 
underlayer coating forming composition according to the present invention, the kind 
thereof is not specifically limited. 

£0037] The selection of the kind and blending amount of the light absorbing* 
compound makes possible to control characteristics such as refractive index, 
attenuation coefficient and the like of the underlayer coating formed from the 
underlayer coating forming composition according to the present invention. As the 
light absorbing compound, are preferably used compounds having a high absorption 
for light at photosensitive characteristic wavelength region of photosensitive 
components in a photoresist j^r ^y^ied on the underlayer coating. The light 
absorbing compound can be used singly or in a combination of two or more. 
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[0038] As the light absorbing compounds, can be used phenyl compounds, 
benzophenone compounds, benzotriazole compounds, azo compounds, naphthalene 
compounds, anthracene compounds, anthraqulnone compounds, triazine compounds, 
triazine trione compounds, quinotine compounds and the like. Phenyl compounds, 
naphthalene compounds, anthracene compounds, triazine compounds, triazine trione 
compounds and the (ike can be used. 

[0039] As the light absorbing compounds, can be preferably used phenyl 
compounds having at least one hydroxy group, amino group or carboxyl group, 
naphthalene compounds having at least one hydroxy group, amino group or carboxyl 
group, or anthracene compounds having at least one hydroxy group, amino group or 
carboxyl group. 

[0040] The phenyl compounas havirig at least one hydroxy group, amino group or 
carboxyl group include phenol, bromophenol, 4,4'-suKbnyldiphenol, tert-butylphenol, 
blphenol, benzoic acid, salicylic acid, hydroxyisophthalic acid, phenylacetic acid, 
aniline, benzyl amine, benzyl alcohol, cinnamyl alcohol, phenylalanine, 
phenoxypropanol, and the like. 

[0041] The naphthalene compounds having at least one hydroxy group, amino 
group or carboxyl group include 1 -naphthalene carboxylic add, 2-naphthalene 
carboxylic acid, 1-naphthol, 2-naphthol, 1-aminonaphthalne, naphthylacetic acid, 1- 
hydroxy-2-naphthalene carboxylic acid, 3-hydroxy-2-naphthalene carboxylic acid, 
3.7-dihydroxy-2-naphthalene carboxylic acid, 6-bromo-2~hydroxynaphthalene, 2,6- 
naphthalene dicarboxylic acid and the like. 

[0042] The anthracene compounds having at least one hydroxy group, amino group 
or carboxyl group include 9-anthracene carboxylic acid, 9-hydroxymethylanthracene, 
1-aminoarrthracene and the like. 

[0043] Further, as the light absorbing compound, triazine trione compounds are also 
used. The triazine trione compounds Include the compounds of formula (1): 
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0) (k) 
o 

— CH 2 CH 2 0— C-CH 2 CH 2 SH 
(0 

In the formula, X is a group of (f) to (1). 

[0044] As the crosslink-catalyst used as an organic material for the underlayer 
coating forming composition of the present invention, acid compounds or acid 
generators can be mentioned. 

[0045] The acid compounds include acid compounds such as p-toluene sulfonic 
acid, trifluoromethane sulfonic acid F pyridinium-p-toluenesulfonate, salicylic acid, 
camphor sulfonic acid, sulfosaflpylic acid, citric acid, benzoic add, and hydroxy 
benzoic acid, etc. In addition, as the acid compounds, aromatic sulfonic acid 
compounds can be used. Concrete examples of the aromatic sulfonic acid 
compounds are p-toluene sulfonic acid, pyridinium-p-toluenesuifonate, sulfosaJicylic 
acid, 4-chlorobenzenesulfonic acid, 4-hydroxybenzenesutfbnic acid, 
benzenedisulfonfc add, i-naphthalenesulfonic acid, and pyridinium-1- 
naphthafenesuffonic acid, etc. The acid generators include 2,4,4,6- 
tetrabromocycfohexadienone, 2-nitrobenzyftosylate, bis(4-tert-butyiphenyf)Iodonium 
trifluoromethanesulfonate, triphenylsulfonium trifluoromethanesuffonate, phenyl- 
bis(trichloromethyl)-s-4riaane, benzointosylate, and N-hydroxysuccinimide 
trifluoromethanesulfonate, and the like. The acid compounds and acid generators 
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can be used singly or in a combination of two or more. 

[0046] The polymer dispersants used as an organic material for the underiayer 
coating forming composition of the present invention include for example 
polyoxyethylene alkyl ethers, polyoxyethylene alkyl phenyl ethers, ethylene glycol 
diesters, ethylene oxide-addition products of sorbitol, propylene oxide-addition 
products of sorbitol, ethylene oxide/propylene oxide-mixed addition products of 
sorbitol, ethylene oxide-addition products of polyethylenepolyamine, propylene oxide- 
addition products of polyethylenepolyamine, ethylene oxide/propylene oxide-mixed 
addition products of polyethylgaepql^a^ine, ethylene oxide-addition products of 
nonylphenyl ether formalin condensation product , poly(meth)acrylates, copolymer 
salts of a earboxy group containing unsaturated monomer with other vinyl compound, 
partial alkyl esters of poly(meth)acryIic acid and salts thereof, polystyrene sulfonates, 
formalin condensation products of naphthalene sulfonate, polyalkylene polyamines, 
sorbitan fatty acid esters, fatty acid modified polyoctcrc, pclyamsdoc, tertiary amino 
modified polyurethanes, and tertiary amine modified polyesters, and the like. These 
compounds can be used singly or in a combination of two or more. 
[0047] The surfac ta nts used an organic material for the underiayer coating forming 
composition of the present Invention include for example, nonionic surfactants such 
as polyoxyethylene alkyl ethers, e.g., polyoxyethylene lauryl ether, polyoxyethylene 
stearyl ether, polyoxyethylene oleyl ether, etc., polyoxyethylene alkyl allyl ethers, e.g., 
polyoxyethylene bctyl phenol ether, polyoxyethylene nonyl phenol ether, etc.; 
polyoxyethylene/polyoxyprppylene block copolymers, sorbrtan fatty acid esters, e.g., 
sorbrtan monolaurate, sorbitan monopalmrtate, sorbitan monostearate, sorbitan 
trioleate, sorbrtan tristearate, etc., polyoxyethylene sorbitan fatty acid esters, e.g., 
polyoxyethylene sortoitan monolaurate, polyoxyethylene sorbitan monopalmitate, 
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan tristearate, etc.; 
fluorine based surfactants, e.g., trade name: EFTOP EF301, EF303, EF352 
(manufactured by Tochem Products Co., Ltd.), trade name: MEGAFAC F171 , F173, 
R-08, R-30 (manufactured by Dainippon Ink and Chemicals, Inc.), trade name: 
FLUORAD FC430, FC431 (manufactured by Sumitomo 3M Limited), trade name: 
ASAHI GUARD AG710, SURFLON S-382, SC101, SC102, SC103, SC104, SC105, 
SC106 (manufactured by Asahi Glass Co., Ltd.); organosiloxane polymer KP341 
(manufactured by Shinetsu Chemical Co., Ltd.), etc. The blending amount of the 
surfactants is usually 0.5 mass% or less, preferably 0.2 mass% or less in the solid 
content of the underiayer coating forming composition. The surfactants may be 
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added singly or in combination of two or more. 

[0048] The adhesion auxiliaries used an organic material for the undertayer coating 
forming composition of the present invention include for example, chlorosilanes such 
as trimethylchlorosilane, dimethyMnylchlorosilane, ch I o romethyid i m ethyl chlorosilane 
and the like, alkoxysilanes such as tjimethylmethoxysilane, dimethyldiethoxysilane, 
dimethyMnylethoxysilane, y-methacryloxypropyltJlmethoxysilane, 
diphenyldimethoxysilane and the like, silazanes such as hexamethyldisilazane, N,N- 
bis(trimethylsilyl)urea, dimeth$rim$$yisilylamine, trimethyteiiyiimidazole and the like, 
silanes such as y^hloroprop^rim^oxysilane, y-aminopropyltriethoxysilane, y- 
giycidoxypropyltrimethoxysilane, y-methacryloxypropyftrimethoxysilane and the like, 
heterocyclic compounds such as benzotriazole, benzimidazole, indazole, imidazole, 
2-mercaptobenzimidazole, 2-mercaptobenzoxazole, urazole, thlouracyl, 
mercaptopyrimidine and the like, urea compounds such as 1,1-dhnethylurea, 1,3- 
dimethylurea and the like. 

[0045] The rheology controlling agents used an organic material for the undertayer 
coating forming composition of the present invention include for example, phthalic 
acid derivatives such as dimethyl phthalate, diethyl phthalate, diisobutyl phthalate, 
butyl isodecyl phthalate and the like, adiplc acid derivatives such as di-n-butyl adipate, 
diisooctyl adipate, octyldecyl adipate and the like, maleic acid derivatives such as di- 
n-butyl maleate, diethyl maleate, dinonyl maleate and the like, oleic acid derivatives 
such as methyl oleate, butyl oleate, tetrahydrofurftiryl oleate and the like, stearic acid 
derivatives such as n-butyl stearate, and glyceryl stearate, and the like. 
[0050] It is preferable to use the organic material for the undertayer coating forming 
composition of the present invention in a combination with the polymer and the 
crosslinking compound. In ti^is c^se^tfie proportion of the polymer in the organic 
material is 20 to 90 mass%, or 30 to 60 mass%, and the proportion of the crosslinking 
compound is 10 to 80 mass%, or 40 to 70 mass%. 

[0051] Further, it is preferable to use the organic material for the undertayer coating 
forming composition of the present invention in a combination with the polymer, the 
crosslinking compound and the crosslink-catalyst In this case, the proportion of the 
polymer in the organic material is 20 to 90 mass% ? or 30 to 60 mass%, the proportion 
of the crosslinking compound is 5 to 75 mass%, or 30 to 65 mass%, and the 
proportion of the crosslink-catalyst is 0.1 to 5 mass%, or 0.5 to 3 mass%. 
[0052] The organic solvent in the undertayer coating forming composition of the 
present invention is not specifically limited. For example, the solvents that can be 
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used include ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
methyl cellosolve acetate, ethyl cellosolve acetate, diethyfene glycol monomethyl 
ether, diethylene glycol monoethyl ether, propylene glycol, propylene glycol 
monomethyl ether, propylene glycol monomethyl ether acetate, propylene glycol 
propyl ether, propylene glycol propyl ether acetate, toluene, xylene, methyl ethyl 
ketone, cyclopentanone, cydohexanone, ethyl 2-hydroxypropionate, ethyl 2-hydroxy- 
2-methylpropIonate, ethyl ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy~3- 
methylbutanoate, methyl 3-m^hdx^rbplonate, ethyl 3-methoxypropionate, ethyl 3- 
ethoxypropionate, methyl 3-ethoxypropionate, methyl pyruvate, ethyl pyruvate, ethyl 
acetate, butyl acetate, ethyl lactate, butyl lactate, N-dimethylfbrmamide, N- 
dlmethylacetamide, dlmethylsulfoxide, and N-methylpyrrolIdone, etc. These organic 
solvents may be used singly or in combination of two or more of them. 
[0053] Hereinafter, the utilization of the underlayer coating forming composition of 
the present invention is described. 

[0054] The underlayer coating forming composition of the present invention is coated 
on a substrate used for manufacture of semiconductor devices (for example, silicon 
wafer substrate, silicon/silicon dioxide coat substrate, silicon nitride substrate, glass 
substrate, silicon wafer, (TO substrate, polyimide substrate, low dielectric constant 
material (low-k material) coat substrate or the like) by a suitable coating method, for 
example, with a spin-coating apparatus, a coater apparatus or the like, and thereafter 
the substrate is baked to fabricate an underlayer coating. The conditions of baking 
are suitably selected from baking temperature of 80 to 300°C or 150 to 250 Q C and 
baking time of 0.5 to 10 minutes or 1 to 5 minutes. The film thickness of the 
underlayer coating is for example f tti 1000 nm, or 10 to 500 nm, or 50 to 100 nm. 
[0055] Next, a photoresist layer Is formed on the underlayer coating. The film 
thickness of the photoresist is 50 to 1 0000 nm. The photoresist to be coated and 
formed on the underlayer coating of the present invention is not specifically limited, 
and any of negative type and positive type photoresists can be used. The 
photoresist includes a positive type photoresist consisting of a novolak resin and 1 ,2* 
naphthoquinone dia^ide sulfonic acid ester, a chemically-amplified type photoresist 
which consists of a photoacid generator and a binder having a group which is 
decomposed with an acid and increases alkali dissolution rate, a chemically-amplified 
type photoresist consisting of an alkali-soluble binder, a photoacid generator, and a 
low molecular compound which is decomposed with an acid and increases the alkali 
dissolution rate of the photoresist, a chemically-amplified photoresist consisting of a 
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photoacid generator, a binder having a group which is decomposed with an acid and 
increases the alkali dissolution rate, and a low molecular compound which is 
decomposed with an acid and increases the alkali dissolution rate of the photoresist 
For example, trade name: APEX-E manufactured by Shipley Company, trade name: 
PAR710 manufactured by Sumitomo Chemical Co., Ltd., and trade name: SEPR430 
manufactured by Shinetsu Ch^miqal Co., Ltd., and the like can be mentioned. 
[0056] Subsequently, the substrate covered with the underlayer coating containing 
metal nitride particles and the photoresist layer is exposed to light such as Mine, KrF 
exdmer laser beam, ArF exclmer laser beam or F2 excimer laser beam, etc. through a 
predetermined mask. After the exposure, post exposure bake is performed, if 
necessary, and then development is conducted by use of a developer such as an 
alkaline aqueous solution to remove partly photoresist according to the predetermined 
pattern. 

[0057] The developer for photoresists includes for example an aqueous solutions of 
alkali metal hydroxide such as potassium hydroxide, sodium hydroxide or the like, 
aqueous solution of quaternary ammonium hydroxide such as tetramethylammonium 
hydroxide, tetraethylammonium hydroxide, choline or the like, amine aqueous solution 
such as ethanolamine, propylamine, ethylenediamine or the like. As the developer, 
2.38 mass% tetramethylammonium hydroxide aqueous solution that Is universally 
utilized can be used. Further, surfactants can be added in these developers. The 
condition of development is suitably selected from temperature of 5 to 50°C and 
time of 0. 1 to 5 minutes. 

lie*.. o^. 

[0058] Then, the part of the ufiderlayer boating corresponding to the removed part of 
the photoresist is removed by dry etching, thereby the semiconductor substrate is 
exposed. It is preferable to use chlorine-containing gas for the dry etching. In the 
dry etching by use of chlorine-containing gas, photoresists (organic material) are 
difficult to be removed while the underlayer coating (inorganic material) of the present 
invention is rapidly removed. This permits use of photoresists in a form of thin film. 
[0059] The dry etching may be conducted by use of a gas such as 
tetrafluoromethane, perfluorocyclobutane (C 4 Fa), perfluoropropane (C 3 F a ), 
trifluoromethane, carbon monoxide, argon, hydrogen, nitrogen, ammonia, oxygen, 
sulfur hexafluoride, difluoromethane, nitrogen trifluoride and chlorine trifluoride, etc. 
together with the chlorine-containing gas. 

f0060] Then, processing of the semiconductor substrate is conducted by using a 
coating composed of the patterned photoresist and underlayer coating as a protective 
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coating. It is preferable to conduct the processing of the semiconductor substrate by 
dry etching with fluorine-containing gas such as tetrafluoromethane or the like. This 
is because the underiayer coating of the present invention is a hard mask and thus is 
difficult to be removed by dry etching with fluorine-containing gas. 
[0061] In addition, an anti-reflective coating layer may be applied and formed as an 
upper coating of the underiayer coating of the present invention prior to the application 
and formation of photoresist The anti-reflective coating composition used in such a 
case is not specifically limited, and can be arbitrarily selected from those 
conventionally used in the prior lithography process, and used. In addition, the anti- 
reflective coating can be formed by coating by the conventional method, for example, 
with a spinner or a coater, and baking. The anti-reflective coating composition 
includes for example one containing as main components a light absorbing compound, 
a resin and a solvent, one containing as main components a resin having a light 
absorbing group through chemical bond, a crossiinking agent and a solvent, one 
containing as main components a light absorbing compound, a crossiinking agent and 
a solvent, and one containing as main components a polymer type crossiinking agent 
having a light absorbing property and a solvent, and the like. The anti-reflective 
coating composition may contain an acid component, an acid generator component, a 
rheology controlling agent, or the like, if necessary. The light absorbing compounds 
that can be used are any compounds having a high absorption for light at 
photosensitive characteristic ^yelength region of the photosensitive component in 
the photoresist provided on the anti-reflective coating, and include for example 
benzophenone compounds, benzotriazole compounds, azo compounds, naphthalene 
compounds, anthracene compounds, anthraquinone compounds, triazine compounds, 
and the like. The resins include polyesters, pofyimides, polystyrenes, novoiak resins, 
polyacetal resins, acrylic resins, and the like. The resins having a light absorbing 
group through chemical bond include resins having a Tight absorbing aromatic ring 
structure such as anthracene ring, naphthalene ring, benzene ring, quinoline ring, 
quinoxaline ring orthiazole ring. 

[0062] The underiayer coating containing metal nitride particles formed from the 
underiayer coating forming composition of the present invention may contain an 
absorption for light used in the lithography process. In such a case, the underiayer 
coating can be used as a layer having a preventive effect against light reflected from 
the substrate. Further, the underiayer coating of the present invention can be used 
as a layer for preventing an interaction between the substrate and the photoresist, as 



a layer having a function that prevents an adverse effect against the substrate by the 
material used for the photoresist or by substances formed on exposure to light of the 
photoresist and as a layer having a function that prevents diffusion and adverse 
effects of substances formed In the substrate on baking under heating to the upper 
layer photoresist 

[0063] Hereinafter, the present invention will be described based on examples but 
the present Invention is not limited thereto. 
Examples : 5: 

Synthetic Example 1 

[0064] In 27.91 g of propylene glycol monomethyl ether, 20.93 g of 2-hydroxypropyl 
methacrylate and 6.98 g of benzyl methacrylate were dissolved, nitrogen was passed 
into the resulting reaction solution for 30 minutes, and then the temperature was 
raised to 70°C. While the reaction solution was kept at 70°C, 0.3 g of 
azobisisobutyronitrile was added therein, and the solution was stirred at 7D°C for 24 
hours under atmosphere of nitrogen to obtain a solution of a copolymer of 2- 
hydroxypropyl methacrylate with benzyl methacrylate. GPC analysis of the resulting 
polymer revealed that the polymer had a weight average molecular weight of 15000 
On terms of standard polystyrene). 
Synthetic Example 2 

[0065] In 30 g of ethyl lactate, 30 g of 2-hydraxyethyl acrylate was dissolved, 
nitrogen was passed into the resulting reaction solution for 30 minutes, and then the 
temperature was raised to 70*C. While the reaction solution was kept at 70°C f 0.3 g 
of azobisisobutyronitrile was added therein, and the solution was stirred at 70°C for 24 
hours under atmosphere of mgogqn to obtain a solution of poly(2-hydroxyethyl 
acrylate). GPC analysis of the resulting polymer revealed that the polymer had a 
weight average molecular weight of 9800 (In terms of standard polystyrene). 
Example 1 

[0066] After 2.7 g of titanium oxynitride particles (average particle diameter 100 nm, 
manufactured by Ulvac Corporation Center) were dispersed in 7 g of propylene glycol 
monomethyl ether acetate, 0.3 g of polyoxyethylene sorbitan monolaurate was added 
therein. Thereafter, the resulting solution was filtered through a micro filter made of 
polyethylene having a pore diameter of 5 nm to prepare an underlayer coating forming 
composition solution. 
Example 2 
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[0067] In 7.5 g of a solution of propylene glycol monomethyl ether acetate in which 
titanium oxynitride particles (average particle diameter 100 nm, manufactured by 
Ulvac Corporation Center) was contained in 30 mass%, 5 g of a solution containing 
0.75 g of the polymer obtained in Synthetic Example 1 , 1.15 g of 
hexamethoxymethylmelamine, 0.012 g of pyridinium-p-toluene sulfonic acid, 0.77 g of 
propylene glycol monomethyl ether and 8.66 g of dimethylsufoxide were added to 
obtain 30 mass% solution. Thereafter, the solution was filtered through a micro filter 
made of polyethylene having a pore diameter of 0.2 pm to prepare an underfayer 
coating forming composition solution. 
Comparative Example 1 

[0068] In 10 g of a solution containing 5 g of the polymer obtained in Synthetic 
Example 1, 1.15 of hexamethoxymethylmelamine, 0.012 g of pyridinium-p-toluene 
sulfonic awd, 0.77 g of propylene glycol monomethyl ether and 8.66 g of 
dimethylsufoxide were added to obtain 30 mass% solution. Thereafter, the solution 
was filtered through a micro filter made of polyethylene having a pore diameter of 0.05 
pm to prepare an undertayer coating forming composition solution containing no metal 
nitride particles. 
Comparative Example 2 

[0069] In 10 g of a solution containing 5 g of the polymer obtained in Synthetic 
Example 2, 1.15 of hexamethoxymethylmelamine, 0.012 g of pyridinium-p-toluene 
sulfonic acid, 0.77 g of propylene glycol monomethyl ether and 8.66 g of 
dimethylsufoxide were added to obtain 30 mass% solution. Thereafter, the solution 
was filtered through a micro filter made of polyethylene having a pore diameter of 0.05 
pm to prepare an underfayer coating forming composition solution containing no metal 
nitride particles. 

Dissolution Test in Photoresist Solvent 

[0070] The underiayer coating forming composition solutions obtained in Examples 1 
and 2 were coated on silicon wafer substrates by means of a spinner, respectively. 
The coated silicon wafer substrates were baked at 205°C for 1 minute on a hot plate 
to form underiayer coatings (film thickness 460 nm). The underiayer coatings were 
dipped in ethyl lactate and propylene glycol monomethyl ether that are solvents used 
for photoresists, and as a result it was confirmed that the resulting underiayer coatings 
were insoluble in these solvents. ^ - 
Test of Intermixing with Photoresist 
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[0071] The underiayer coating forming composition solutions obtained in Examples 1 
and 2 were coated on silicon wafer substrates by means of a spinner, respectively. 
The coated silicon wafer substrates were baked at 205°C for 5 minutes on a hot plate 
to form underiayer coatings (film thickness 450 nm). On each underiayer coating 
was coated a commercially available photoresist solution (trade name: APEX-E 
manufactured by Shipley Company, or the like) by means of a spinner. The coated 
wafers were heated at 90°C for 1 minute on a hot plate to form photoresist layers. 
After exposure of the photoresists to light, post exposure bake was performed at 90°C 
for 1 .5 minute. After developing the photoresists, the film thickness of the underiayer 
coatings was measured and it was confirmed that no Intermixing occurred between 
the underiayer coating and the photoresist 
Measurement of Dry Etching Rate 

[0072] The underiayer coating forming composition solutions prepared in Examples 
1 and 2 as well as Comparative Examples 1 and 2 were coated on silicon wafer 
substrates by means of a spinner, respectively. The coated silicon wafer substrates 
were baked at 205°C for 5 minute on a hot plate to form underiayer coatings (film 
thickness 450 nm of each coating). Then, dry etching rate on these underiayer 
coatings was measured with RIE system ES401 manufactured by Nippon Scientific 
Co., Ltd. under the condition in which CF 4 was used as dry etching gas. The dry 
etching rate was calculated as reduction in the film thickness of underiayers per unit 
time. 

[0073] The results are show^jfi J^oie^. The selectivity corresponds to dry etching 
rate of an underiayer coating in case where the dry etching rate of the photoresist is 
regarded as 1.00. In addition, in the table, A1 is a copolymer of 2-hydroxypropyl 
methacrylate with benzyl methacrylate, A2 is poIy(2-hydroxyethyl)acrylate, and B1 is 
titanium oxynftride. 

Table 1 





Polymer 


Metal Nitride Particle 


Selectivity 


Example 1 


None 


B1 


0.22 


Example 2 


A1 


B1 


0.49 


Comparative Example 1 


A1 


None 


1.00 


Comparative Example 2 


A2 


None 


1.33 
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[0074] It was confirmed that tffc-rt&irjg ,rate of the underlayer coatings containing 
metal nitride particles obtained from the underlayer coating forming compositions of 
Examples 1 and 2 became low compared with the underlayer coating containing no 
metal nitride particles of Comparative Example 1 . It became dear that the 
introduction of metal nitride particles provides metal nitride particles-containing 
underlayer coatings having a low etching rate regardless of whether or not any 
polymer is present The metal nitride particles-containing underlayer coating is 
required to have a lower dry etching rate than a photoresist owing to the following 
reasons: in the process in which the semiconductor base substrate is processed by 
dry etching after development of the photoresist formed on the underlayer coating, it 
makes possible to use a photoresist in a form of thinner film and the pattern can be 
transferred to a substrate accurately because the metal nitride particles-containing 
underlayer coating has a lower dry etching rate than the semiconductor base 
processing substrate. 
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